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ABSTRACT 
 
South African power demand has been increasing over the past years due to 
increase in energy consumption from industrial, commercial and residential 
sectors. In order to meet the growing power demand Eskom Holdings Limited 
SOC (Eskom) has implemented a number of initiatives such as the energy 
efficiency programme, power generating capacity increase and refurbishment 
of the operational coal fired power stations. Energy efficiency initiatives have 
been designed to encourage residential, commercial and industrial customers 
to use energy efficient technologies which consume less energy compare to 
conventional technologies. Power generating capacity increase programme 
includes construction of new base and peaking generating power plants (such 
as Medupi, Kusile and Ingula) and return to service of the old generating 
plants (such as Camden, Komati and Grootvlei). The refurbishment 
programme or coal refurbishment involves upgrading of operational coal fired 
power stations with the objective of extending their life expectancy, improve 
performance and to ensure compliance to latest safety standards.  
 
The scope of work for coal refurbishment projects differs from power station to 
another and is dependent on the age of the plant, latest safety and 
environment standards, installed technology spares availability and 
operational requirements. In general, the scope of work for refurbishment 
projects is comparable and in most cases includes the following: 
 
• Control & Instrumentation (C&I) system replacement due to 
obsolescence. 
• Medium Voltage (MV) Switchgear replacement for compliance with 
latest safety standards and other technical requirements. 
 
The scope of work is further broken down into manageable work packages 
and the number of work packages varies from the different power stations. 
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Kriel Power Station (Kriel), Matla Power Station (Matla) and Duvha Power 
Station (Duvha) are the operational coal fired power stations that are currently 
on refurbishment to extend their life expectancy possibly beyond 50 years. 
 
Eskom approved planning and scheduling procedure recommends the use of 
Critical Path Method (CPM) as a project modelling technique for project 
planning, scheduling and controlling in coal refurbishment projects. 
 
Eskom approved project controls specification requires contractors to use 
Primavera Project Planner (Primavera) as the planning software for the 
development of a level three CPM Project Master Plan (PMP) that is used to 
manage and control coal refurbishment projects. Primavera is further used for 
project scheduling, capturing of progress updates and to manage authorised 
schedule changes. Coal refurbishment projects have approved project 
governance processes for schedule development, managing project progress 
updating and schedule changes. Coal refurbishment projects have dedicated 
planning resources and they are the custodians of Eskom approved project 
planning, scheduling and controlling procedures, guidelines and 
specifications.  
 
Kriel has to date successfully completed the C&I and MV Switchgear 
replacement on five of the six generating units, Matla has completed similar 
upgrades on two generating units. Duvha is currently on construction stage of 
the project for the first unit upgrade. 
 
The purpose of this study was to evaluate and develop an understanding of 
CPM application as a project modelling technique in coal refurbishment 
projects.  
 
The scope of the research is limited to the execution phase of the Eskom 
Project Life Cycle Model (PLCM). The execution phase of the PLCM has four 
stages, detailed planning and design, contracting and procurement, 
construction and commissioning including hand-over. 
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CHAPTER 1:  ORIENTATION 
1.1 Introduction  
Eskom Holdings Limited SOC (Eskom) is a state owned entity. Eskom owns 
and operates more than twenty power stations with approximately installed 
generation capacity of more than 40000MW (Eskom, 2013). Eskom has 
approved refurbishment of some of the coal fired power stations with the 
objectives of extending their life expectancy, increase performance and to 
comply with the latest safety standards. 
 
Kriel, Matla and Duvha are Eskom owned coal fired power stations that are 
currently on refurbishment with the aim of extending their life expectancy 
possibly beyond 50 years (Delihlazo, 2010). The three power stations have six 
generating units per station. Kriel has a total installed generating capacity of    
3000MW, while Matla and Duvha have total installed generating capacity of      
3600MW per power station (Eskom, 2013). Kriel has to date successfully 
completed C&I and MV upgrades on four of the six generating units, while 
Matla has completed similar upgrades on two generating units (Eskom, 2012). 
Duvha is currently on construction stage for the first unit replacement.  
 
CPM is used as a project modelling tool throughout the life cycle of a project 
with typical application in planning, analysing and scheduling and controlling 
(Lockyer, 1969). Meredith and Mantel (2006) describes CPM as a project 
modelling technique which identifies the longest path on the network with 
activities that cannot be delayed without affecting the completion date of the 
project.  
 
CPM requires activity dependence to be defined for the calculation to 
estimates project completion time. Gershon and Boetler (2013) suggests that 
use of critical path to calculate project completion time is the best possible 
method for estimating project completion date assuming no delays will be 
incurred. 
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Eskom has adopted CPM as a project modelling technique for refurbishment 
projects and thus is used throughout the life cycle of coal refurbishment 
projects. Kriel, Matla and Duvha use CPM as project modelling technique and 
Primavera as the planning computer software for the implementation of CPM. 
 
1.2 Research Background  
The estimated average life expectancy of a coal fired power station is 
between forty to fifty years from full commissioning (Jowit, 2010). Government 
reported that Kriel, Matla and Duvha Power Stations are at the execution 
phase of their refurbishment projects to extend life expectancy due to some 
technologies having been found to be obsolete and to comply with latest 
safety (Delihlazo, 2010).  
 
The life cycle of the refurbishment projects is governed by the Eskom PLCM 
which provides processes and guidelines for projects to comply with from 
initiation to closure. Eskom PLCM has four phases which constitute the life 
cycle of the project namely, Concept, Definition, Execution and Finalisation 
(Murray, 2008).  
 
Kriel, Matla and Duvha refurbishment projects are current at the execution 
phase of the PLCM. The research study is limited to the use of CPM in 
refurbishment project during the execution phase of the PLCM. The execution 
phase of the PLCM addresses four major project activities namely planning 
and design, contracting and procurement, construction and commissioning 
and hand-over (Murray, 2008).  
 
Kriel, Matla and Duvha refurbishment scope of work is almost similar as the 
scope includes C&I and MV switchgear replacements at the three power 
stations and the upgrade is done on all six generating units per power station.  
The scope of work is classified according the engineering disciplines (i.e. C&I 
and Electrical) and is further broken down into manageable project work 
packages.  
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The number of project work packages is not standard and differs from the 
three refurbishment projects sites. Figure 1 shows typical a project work 
breakdown structure found in coal refurbishment projects. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Project work breakdown structure 
 
Unit shutdown duration and shutdown start date are governed and determined 
by power station maintenance philosophy.  
 
Generating unit plant maintenance and the refurbishment projects are 
executed simultaneously within the predetermined shutdown duration and any 
delays on completion of maintenance or refurbishment activities resulting in 
late return to service of the unit is undesirable. Refurbishment project 
organization model is made up of three internal parties namely, Eskom 
Generation Division, Eskom Group Capital Division, Eskom Group 
Technology and Commercial Division as well as external technology suppliers 
or contractors.  
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Figure 2 shows a typical project organization structure for the execution of 
coal refurbishment projects. High level roles and responsibilities of the parties 
in the project can be described as follows: 
 
o Generation Division is responsible for the operation and maintenance 
of all power stations including Kriel, Matla and Duvha where the 
refurbishment is currently underway (hence a Client). 
o Group Capital Division is responsible for the overall project 
management, contract management and construction management. 
o Group Technology and Commercial is responsible for commercial and 
engineering activities on the project. 
o External supplies or contractors are responsible for design, supply, site 
delivery and project construction.  
 
The research investigates the use of CPM as project modelling technique in 
refurbishment projects. Furthermore the research focuses on the availability of 
the business governance processes which provides compulsory standardised 
guidelines for CPM implementation.  
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Figure 2: Coal refurbishment project organization model (Eskom, 2014)
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1.3 Research Problem 
Refurbishment projects are complex in nature due to their magnitude, 
complex interfacing amongst different contractors and the fact that they are 
executed in operational power stations with no tolerance for delays due to 
national power demand.  
 
CPM is a proven project modelling technique and is used world-wide as a 
project management tool to ensure organizational objectives are met. CPM 
application as a project management tool in large and complex projects such 
as the refurbishment necessitates the need for development of organizational 
specific governance processes to facilitate successful CPM implementation 
and to achieve project objectives.  
 
Availability of dedicated project planning resources with CPM knowledge and 
related working in large projects minimize the risks of project failure. 
Refurbishment projects are known to have extremely large number of 
activities resulting from multiple project work packages hence the use of 
planning software is highly recommended. Both Primavera and Microsoft 
Project planning software have built-in CPM modelling engine and have the 
capability of handling large number of project activities.  
 
Project schedule development is dependent on many factors, such as the 
availability of skilled planning, engineering and project management resources 
that understands the scope and capable of breaking down the scope of work 
into manageable work activities. Other factors which affect schedule 
development includes the capabilities of the planning software to handle large 
quantities, time allocated for development and most importantly existence of 
schedule development specification.  
 
After completion of the baseline schedule, it is highly important that the 
schedule is managed and controlled in accordance with project management 
best practices.  
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The use of effective project controls and project performance monitoring 
techniques such as the Earned Value Method (EVM) is also important and 
added benefit to the success of the project. 
 
This research investigates CPM application as a project modelling technique 
in refurbishment project and identifies existence of related governance 
processes that provides implementation framework.  
 
1.4 Research Objectives  
Refurbishment projects are complex due to the nature of construction work 
associated with them and have multiple interfaces resulting from the large 
number of work packages, hence a need for use of an integrated project 
schedule or master schedule (Yang and Kaob, 2012).  
 
CPM as a project modelling technique is used for planning, analysis and 
scheduling and controlling of large, complex projects of the same magnitude 
as the coal refurbishment projects (Leondes, 1999).  
 
The objectives of this study are as follows: 
 
• To develop better understanding of CPM implementation in 
refurbishment projects; 
• To determine existence of business specific governance processes for 
CPM implementation; 
 
1.5 Research Chapter Plan   
Chapter One provides an overview of the study through introduction and 
background of the research study. This chapter also includes, research 
limitations, research objectives, research problem and assumptions made.  
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Chapter Two present the discussion on a literature review conducted on the 
critical path method application as project modelling technique and reviews on 
Eskom refurbishment projects documentation.  
 
Chapter Three describes the research methodology used to conduct the 
study.  
 
Chapter Four provides the details of the data analysis of the research 
questionnaire and findings.  
 
Chapter Five provides the conclusions and recommendations of the research 
study.  
 
Appendices which include the material used during the study have been 
attached. 
 
1.6 Limitation of the Study 
The research scope is limited to CPM application as a project modelling 
technique on coal refurbishment projects at the execution phase of Eskom 
PLCM. The study is conducted on three Eskom owned coal fired power 
stations, Kriel, Matla and Duvha.  
 
The research study includes results obtained from the survey questionnaire 
issued to coal refurbishment personnel under the employment of Kriel, Matla 
and Duvha.  
 
The questionnaire was developed to obtain the opinions of the respondents 
and the results of the research are wholly based on the information solicited 
from the respondents. No other assessments or surveys have been 
considered. 
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1.7 Assumptions 
The research study is based on the following assumptions: 
• The PLCM was develop to address specific coal refurbishment projects 
requirements; 
• Contractors have been fully trained on Eskom’s planning and 
scheduling procedures.  
 
1.8 Conclusion 
CPM as a project modelling technique is used for project planning, scheduling 
and controlling. The purpose of this research was to develop an 
understanding on CPM application as a project modelling technique in coal 
refurbishment projects. CPM implementation was assessed by determining 
the basic elements associated with CPM application in project management 
and resources required for the implementation. The research also determines 
the availability of project planning procedures developed by Eskom to provide 
CPM implementation framework and management. 
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CHAPTER 2: CRITICAL PATH METHOD LIRERATURE REVIEW  
2.1 Introduction  
Project planners have an important role to play during project development 
and construction as they are expected to understand construction methods, 
time and space required to execute complex projects (Winch and Kelsey, 
2005). Planners involved in construction projects deal with complex network, 
are responsible for project integration and managing challenging schedule 
deadlines (Winch and Kelsey, 2005).  
 
According to Firestone (2000) CPM was developed in the 1950s by DuPont 
Incorporation as a project modelling technique for organizing and tracking a 
number of activities associated with the Polaris missile defence program. Over 
the years, CPM application as a project modelling technique has increased 
dramatically and is now extensively used in construction industry and other 
sectors such as research and manufacturing (Kelleher, 2004).  
 
2.2 Critical Path Method (CPM)  
CPM as a project modelling technique for estimating project completion time  
is based on structured logical approach for project planning, scheduling and 
controlling (Stelth and Le Roy, 2009). CPM as a modelling technique is used 
to estimate project completion time where the start and the finish dates can be 
identified and has the capability of controlling the time and cost aspects of the 
project (Meredith and Mantel, 2006; Lockyer, 1969). CPM breaks down the 
entire project into a number of activities, network paths and identifies a critical 
path from which project completion time is calculated. Activities are assigned 
the start and finish dates and with the assistance of the planning software it is 
possible to assign the cost associated with each activity. During project 
execution, the actual project progress achieved is compared against the 
accepted PMP schedule at a given point in time. 
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Tulsian and Pandey (2006) states that CPM implementation is based on the 
following assumptions: 
 
a) The project can be sub-divided into independent activities; 
b) An activity precedence relationship is represented by a non-cyclical 
network graph; 
c) Activity duration is estimated using either the single point estimate or 
the three point estimate methods. The single point duration estimate is 
based on expert knowledge or historical data for similar activities. The 
three point activity duration estimate method uses three time estimates 
namely, optimistic, pessimistic and most likely to calculate the expected 
duration of the activity. (Meredith and Mantel, 2006). Equation 1 is used 
to calculate the expected time required to complete the activity; 
 
d) Activity duration follows the beta distribution curve. The beta is a 
continuous probability distribution for the calculation of the weighted 
average (or expected activity duration), variance and standard 
deviation of the three times, optimistic, most likely and pessimistic 
(Meredith and Mantel, 2006); 
 
e) Activity duration is linearly related to the cost of resources applied to 
the activity. 
 
CPM can be implemented using the following recommended logical process 
(UNISA, 2009):  
 
a) Identification of project significant activities; 
b) Activity precedence definition; 
c) Network diagram development; 
d) Activity cost and duration estimation; 
e) Project critical path calculation; and 
f) Project controls implementation.  
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2.2.1 Project and Activity Definition 
 
Project definition involves identification of project objectives, internal and 
external stakeholders, risks, scope of work, budget estimate and timelines. A 
project is defined as a temporary endeavour undertaken by an organization to 
develop a unique product to meet its business objectives (A Guide to Project 
Management Body of Knowledge, 2006).  
 
A structured approach is used to breakdown the scope of work into 
manageable project work packages that are further developed into a list of 
activities (Burke, 2006). Lockyer (1969) describes an activity as an element 
which makes up the work to be completed in order to declare the project 
complete.  
 
CPM activities are represented using either line arrows or rectangular boxes. 
Line arrows are associated with the Arrow Diagramming Method and 
rectangular boxes representation is used with the Precedence Diagram 
Method as shown in Table 1. 
 
Table 1: CPM activity rectangular box representation 
 
 
 
 
 
 
 
 
Early Start Time (EST) 
 
Activity Duration 
 
Early Finish Time (EF) 
Activity Name 
 
Late Start Time (LST) 
 
Activity Float 
 
Late Finish Time (LFT) 
Page 22 of 85 
 
2.2.2 CPM Activity Precedence  
 
According to Stelth and Le Roy (2009) projects are made of a number of tasks 
or activities of which some are dependent on completion of the previous 
activities while others can be undertaken at any given time without impacting 
the overall project completion time. Activities can assume any of the following 
three possible conditions (Meredith and Mantel, 2006): 
  
a) The activity may have one or more successors without a predecessor; 
b) The activity may have one or more predecessors but no successors; 
c) The activity may be a predecessor or a successor.  
 
Activities can either be in series or parallel, activities in series can be done 
after the other has been completed while activities in parallel can be done 
simultaneously (Burke, 2006). 
 
Table 2 shows a number of activities with their identification numbers, names, 
predecessors and durations in days for a typical C&I refurbishment 
replacement work package found in coal refurbishment projects.  
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Table 2: CPM project activities and activity precedence (Eskom, 2010) 
 
 
In Table 2, activities Mechanical Plant Information Clarification [ID1], 
Hardware Engineering [ID2] and Simulator Engineering Mechanical [ID3] have 
no predecessors however they have successors which mean that their start 
dates are not dependent on completion of previous activities but are 
determined by the earliest and latest start times. These activities can start on 
day one (their earliest start time) of the project however they cannot start later 
than their calculated latest start times as this will affect or delay the start of 
their successors with the possibility of negatively impacting on the overall 
project completion date. 
 
Mechanical Plant Information Clarification [ID1] is a predecessor to Software 
Engineering [ID4], Hardware Engineering [ID2] is a predecessor to Hardware 
Manufacturing [ID5] and Cable Design [ID6] while Simulator Engineering [ID3] 
is a predecessor to Simulator Factory Acceptance Tests [ID7]. 
ID Name Predecessors Duration (Days) 
0 C&I  464 
1 
Mechanical Plant Information 
Clarification 
 30 
2 Hardware Engineering   129 
3 Simulator Engineering   129 
4 Software Engineering  1 120 
5 Hardware Manufacturing  2 90 
6 Cable Design  2 120 
7 Simulator Factory Acceptance Tests  3 60 
8 Factory Acceptance Tests  4,5 60 
9 Project Construction  6,7,8 185 
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Activity Project Construction [ID9] has three predecessors namely Cable 
Design [ID6], Simulator Factory Acceptance Tests [ID7] and Factory 
Acceptance Tests [ID8] and has no successor as it is the last activity of the 
project. The start of activity Project Construction [ID9] is dependent on 
completion of the three predecessors and cannot start until these activities 
have been completed.  
 
If activities Cable Design [ID6], Simulator Factory Acceptance Tests [ID7] and 
Factory Acceptance Tests [ID8] are not completed as planned (during their 
latest finish times), the start of ID9 will be delayed and the entire project will 
be impacted negatively and cannot be completed as planned unless certain 
sub-activities are expedited.  
 
Activity Software Engineering [ID4] has a predecessor and successor namely 
Mechanical Plant Information Clarification [ID1] and Factory Acceptance Tests 
[ID8] respectively. Activity Software Engineering [ID4] activity cannot 
commence until Activity Mechanical Plant Information Clarification [ID1] is 
completed, delay in Activity Software Engineering [ID4] will delay the start of 
the Factory Acceptance Tests [ID8]. 
 
2.2.3 Critical Path Method Project Network Development 
 
CPM activity logic relationships can be completely modelled using non-cyclical 
network diagram where each activity connects directly into its immediate 
successors (Tulsian and Pandey, 2006). According to Meredith and Mantel 
(2006) arrangement of all project activities in their logical sequence defines 
the CPM project network. The network shows activity name, precedence, 
duration, start and finish times, slack network paths including critical path. 
Activities on the critical path have no slack and therefore cannot be delayed. 
CPM network provides the basic information about the project start date, 
completion date and the different paths made up of the different activities of 
the project.  
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The Precedence Diagram Method (PDM) and the Arrow Diagram Method 
(ADM) are the two network techniques used to graphically represent CPM 
activities. PDM activities are represented by nodes or rectangular boxes and 
arrows are used to show the relationships between the activities (Meredith 
and Mantel, 2006). Activities on the ADM are represented by arrows and 
activity nodes are shown as circles (Crowe, 2005). 
 
Figure 3 shows a CPM network diagram for a typical C&I refurbishment 
project developed using the Precedence Diagram Method (PDM).  
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Figure 3: CPM/PDM network for a typical C&I replacement project  
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2.2.4 Activity Duration Estimation 
 
CPM activity duration estimation has some uncertainty due to the variations 
factors associated with the project such as poor scope definition, weather and 
resource availability (Ghazanfari, et al., 2008). Activity time estimation is 
normally done using historical data for similar activities and taking into 
consideration all the risks associated with that particular activity. The three 
point time estimation method can be used to estimate CPM activity durations. 
The three point estimation method requires that the following three activity 
times be generated using past experiences or best possible guesses 
(Wikipedia, 2013): 
 
a = the optimistic time estimate.  
Activity optimistic time is define as the duration required to complete the  
task assuming that all risks associated with the activity have been  
completely eliminated (Steward, et al. 1995); 
 
b = pessimistic time estimate.  
Activity pessimistic time is define as the longest duration required to  
complete the task and takes into consideration that there are high risks  
associated with the execution of the activity (Steward, et al. 1995); and 
 
m = most likely time estimate.  
Activity most likely time is define as the most probably duration to  
complete the task or as the mode of the statistical distribution curve  
representing all possible times for an activity  
(Steward, et al. 1995, Meredith and Mantel 2006).  
 
The expected activity completion time (TE) is then calculated using the 
following equation (Meredith and Mantel 2006): 
 
          [1] 
 
TE =   
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The above equation follows the beta distribution curve shown in Figure 4 and 
allows extreme cases where a = m or b = m (Meredith and Mantel, 2006).  
 
 
 
 
 
 
 
 
 
Figure 4: Activity duration distribution curve (Meredith and Mantel, 2006) 
Activity duration variance or uncertainty measure is calculated using the 
following equation. 
δ
2= 	
 
2  
   [2] 
 
Table 3: CPM activity completion time estimation  
 
Activity 
ID 
Optimistic Time 
(Days) 
Most Likely Time 
(Days) 
Pessimistic Time 
(Days) 
Expected Time 
(Days) 
Variance 
 a m b TE δ2 
1 20 30 40 30 11 
2 100 129 140 126 44 
3 100 129 145 127 56 
4 110 120 135 121 17 
5 80 90 100 90 11 
6 110 120 140 122 25 
7 50 60 70 60 11 
8 50 60 80 62 25 
9 140 185 200 180 100 
 
Table 3 shows the calculated activity expected time and variance values.  
a m TE b 
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2.2.5 Project Costing Estimation  
 
Project costing is depended on the scope, project maturity, the need for the costing and availability of cost engineers (Cost 
Estimating Guide, 2011). 
 
Table 4: Cost Estimate Classification Matrix (Cost Engineering Classification System, 2011). 
 
ESTIMATE 
CLASS 
MATURITY LEVEL OF PROJECT 
DEFINITION DELIVERABLES 
END USAGE 
 
COSTING METHODOLOGY 
 
Class 5 0% to 2% Concept screening Capacity factored, parametric models, judgment, or 
analogy 
Class 4 1% to 15%  Feasibility study Equipment factored or parametric models 
Class 3 10% to 40% Budget control Semi-detailed unit costs with assembly level line items 
Class 2 30% to 75% Control or tender Detailed unit cost with forced detailed take-off 
Class 1 65% to 100% Check estimate or 
tender Detailed unit cost with detailed take-off 
 
Characteristics of project cost estimates are defined by the life cycle phases of project, end user requirements and cost estimate 
techniques (Cost Estimating Guide, 2011). Table 4 shows the different five cost estimate classes, their descriptions and the 
different costing methods used to estimate project costs as the project progresses throughout the lifecycle. 
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The graph in Figure 5 shows the cost estimate accuracy range against 
different phases of the project lifecycle. The graph shows that as the project 
definition progresses from class 5 to class 1 stages, project cost accuracy 
increases due to more information becoming available about the project. 
 
 
 
Figure 5: Cost estimation accuracy curve (Cost Estimating Guide, 2011). 
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2.2.6 Project Resource Loading 
 
Meredith and Mantel (2006) describes resource allocation as the total number 
of specific resources included in the project schedule that are required to 
complete specific activities within specified activity duration. Resource loading 
requires development of a detailed project resource plan which is used to 
address project resource utilization and availability (Meredith and Mantel, 
2006). The resource plan includes the list of project activities, resources 
required to perform a particular activity and the time required to complete the 
activity. The baseline resource plan is agreed and accepted by all 
stakeholders before the start of the project. The use of additional resources 
will have a negative impact on the planned project budget cost.  
 
Meredith and Mantel (2006) suggests that the relationship between time use 
and resource use is defined by the following statements: 
 
• Time Limited, the baseline states the project should be finished within 
the agreed completion time and additional resources can be allowed; 
• Resource limited, the baseline requires that only the approved 
resources can be used and the project can be completed as soon as 
possible.  
 
Al-jibouri (2002) suggests that activity resource requirement can be 
determined based on the amount of work to be completed by a particular 
resource. Figure 6 shows the resource and time relationship curve that can be 
used to determine the number of resources required to complete an activity 
over certain duration 
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Figure 6: Resource time relationship curve (Al-jibouri, 2002) 
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Figure 7: Cost time relationship curve (Netmba, 2002) 
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Figure 7 shows the total project direct cost and time relationship curve. The 
graph shows that when the project is expedited or accelerated to achieve 
early completion date, the associated direct costs increases as additional 
resources which were not included on the baseline resource plan are added 
(Netmba, 2002). On the other hand, when the project is implemented as per 
approved project baseline plan, the direct cost of the project will remain 
normal or will be within the budget plan. 
2.2.7 Project Critical Path Calculation  
 
According to Gershon and Boetler (2013) the CPM is one of the best available 
techniques for estimating project completion time. Lockyer (1969) describes 
project completion time as the shortest time in which all project activities can 
be completed. Critical path is defined as the longest path on the CPM network 
consisting of a sequence of critical activities that determines the completion 
time of the project (Project Management Glossary of Terms, 2009).   
 
Jessop (2013) describes critical path analysis as a mathematical procedure 
for estimating project completion time. CPM determines the longest path or 
the critical path of the network using either the Forward Pass Method or 
Backward Pass Method. The Forward Pass Method calculates the early and 
late start times for all activities on the network by assigning the project start 
date on the first activity of the project and determines the longest path of the 
project (Stelth and Le Roy, 2009).  
 
The Backward Pass Method requires selection of the latest final project 
completion date on the last activity of the project and the critical path is then 
calculated by working backward from the final desired completion date of the 
last activity to the first activity start date (Stelth and Le Roy, 2009). 
 
Figure 8 shows four different CPM network paths derived from the project 
network diagram in shown in Figure 3.  
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Figure 8: CPM network paths 
 
Network path {2} - {5} - {8} - {9} is the longest path in the network hence a 
critical path. Therefore the shortest estimated project duration is 464 days 
assuming there are no delays on critical path activities. Critical path activities 
have zero float. The Project Management Body of Knowledge Guide (2006) 
describes the activity float as the amount of time of which an activity can be 
delayed without negatively impacting the project completion date. Williams 
(2003, cited Yogeswaran, 1998) stated that delays in activities with zero float 
time could eventual impact project completion. 
 
Activities {1}, {3}, {4}, {6} and {7} each have total float of 90, 90, 69, 30 and 90 
days respectively, any delays beyond these float times will affect the overall 
project completion date. 
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2.2.8 Project Scheduling 
 
Project scheduling involves calculation of the early start, early finish, late start 
and late finish times for each activity on the network after activity durations 
have been assigned (Thieraus, et al., 2013).  
 
The Forward Pass and Backward Pass Methods are used to calculate activity 
earliest and latest times using the following equations (Firestone, 2000): 
 
EFT = EST +Activity Duration      [3] 
LST =LFT - Activity Duration      [4]  
Float = LFT – EFT = LST – EST      [5] 
 
Listed in Table 5 are the calculated values for the earliest, latest and slack 
times for the CPM network diagram shown in Figure 5. The earliest start and 
finish times were calculated the Forward Pass Method and the latest start and 
latest finish times were calculated using the Backward Pass Method.  
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Table 5: CPM activity earliest, latest and float times 
 
 
ID Activity Name Early Start Early Finish Late Start Late Finish Total Slack 
0 C&I 2012/10/01 2014/08/08 2012/10/01 2014/08/08 0 days 
1 
Mechanical Plant Information 
Clarification  
2012/10/01 2012/11/09 2013/01/10 2013/02/21 69 days 
2 Hardware Engineering  2012/10/01 2013/04/08 2012/10/01 2013/04/09 0 days 
3 Simulator Engineering  2012/10/01 2013/04/08 2013/02/08 2013/08/16 90 days 
4 Software Engineering  2012/11/12 2013/05/08 2013/02/21 2013/08/16 69 days 
5 Hardware Manufacturing  2013/04/09 2013/08/15 2013/04/09 2013/08/16 0 days 
6 Cable Design  2013/04/09 2013/09/27 2013/05/22 2013/11/11 30 days 
7 
Simulator Factory Acceptance 
Tests  
2013/04/09 2013/07/03 2013/08/16 2013/11/11 90 days 
8 Factory Acceptance Tests  2013/08/16 2013/11/08 2013/08/16 2013/11/11 0 days 
9 Project Construction  2013/11/11 2014/08/08 2013/11/11 2014/08/08 0 days 
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2.3 Project Performance Monitoring  
Project Management Body of Knowledge (2006) recommends nine body of 
knowledge areas to be used as the guidelines successfully implementing a 
project. Generally projects are constrained by conflicting demands and other 
issues related to the project (van Wyngaard et al., 2011). Scope, Cost and 
Time management are the three core elements that can be used for 
controlling the project to ensure project targets are met (Burke, 2006). Project 
success criterion is depended on the objectives. Olsen (1971) suggested cost, 
time and quality can be used as project success measurements with quality 
replacing scope to determine whether project has met agreed project 
objectives.  
 
Furthermore, project success is also dependent on completion of all 
significant activities in order to achieve various project deliverables identified 
in the work breakdown structure (A Guide to Project Management Body of 
Knowledge, 2006). Triple constraints (scope, time and cost) management is 
critical to success of the project and poor management of these core elements 
could results in project failure even though some aspects of project are within 
the agreed targets (van Wyngaard et al., 2011, Dobson, 2004). CPM provides 
the framework for the analysing of project time and cost trade-off (Khang and 
Myint, 1999). Figure 9 shows the project management triangle used depicts 
the importance of managing the triple constraints.  
 
 
 
 
 
 
 
 
 
Figure 9: Project management triangle (van Wyngaard et al., 2011) 
Scope Cost 
Time 
Quality 
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2.3.1 Project Controls  
 
Lewis (2007) suggests that project controls techniques are implemented to 
achieve agreed project objectives by ensuring that project cost, time and 
scope targets are achieved. Control of scope, time and cost is an important 
process for delivering project objectives by ensuring that the project is 
completed within agreed timelines, budget and scope (Jun-yan, 2012). Project 
controls involves comparison of actual work completed with work that was 
planned to be completed at a certain stage of the project (Lockyer, 1969). 
 
 
 
 
Figure 10: Project controls process (Lechner, 2012). 
 
Figure 10 shows a typical project control process for monitoring project 
performance. The first stage of the control process requires establishment of 
scope, schedule and cost baseline. The agreed baseline is then monitored 
and any deviations against the baseline are noted and appropriate corrective 
actions are recommended and implemented accordingly (Mare, 2012).  
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2.3.2 Project Progress Update Management  
 
According to Senior (2004) schedule updates require substantial extrapolation 
between the actual information provided by project personnel and the 
information to be updated on the schedule however rules of schedule updates 
differ from one organization to another.  
 
Prather (1991) suggested that schedule updates must incorporates activity 
percentage complete data, activity durations, resource and budgeted cost 
allocation should be constantly re-evaluated to maintain accuracy. According 
to Orczyk (2004) the following methods can be used to measure project 
progress achieved during project execution: 
 
• Units Completed Method, involves capturing of updates for work that 
can be easily measured; 
• Incremental Milestone Method, is used where control is required for 
tasks that need to be updated by following a sequence; 
• Start/Finish Method, is used with project activities that have no 
definable intermediate milestones; 
• Supervisor Opinion Method, in this case the supervisor estimate 
work completion in percentage; 
• Cost Ratio Method, this is used with activities that are executed over a 
long period and are almost equivalent to the duration of the entire 
project; 
• Weighted or Equivalent Units, this used with activities that have long 
duration that are made of overlapping sub-activities with different unit of 
work measurement.  
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2.3.3 EVM  
 
The EVM is a proven method for monitoring the overall project performance 
by collectively controlling scope, schedule and cost (Zhonga and Wanga, 
2011). The EVM was originally developed to assist the Department of 
Defence in the United States of America to measure project performance for 
the purpose of making progress payment for completed activities (James, 
2007, Vertenten, et al., 2009).  
 
 
Figure 11: EVM curve (Pajares and López-Paredes, 2011) 
 
Figure 11 shows a typical EVM performance curves with time and cost 
represented on x-axis and y-axis respectively. Schedule baseline or planned 
value (PV) is represented by the centre curve and is used for comparing 
project progress at any given stage of the project (Vertenten, et al., 2009).  
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The EVM measures performance using two schedule performance indices, 
the schedule variance (SV) and the schedule performance index (SPI) 
(Vandevoorde and Vanhoucke, 2006). Schedule Variance (SV) is obtained by 
calculating the difference between the earned value (EV) and (PV) (Meredith 
and Mantel, 2006).   
 
The cost variance (CV) is a measure of project cost performance and is 
calculated by determining the difference between the earned value (EV) and 
actual cost (AC) of work performed (Meredith and Mantel, 2006). In Figure 11 
the CV is depicted as the difference between the EV and AC curves at tAT. 
 
Time Variance (TV) is calculated by determining the difference between the 
time scheduled for work performed and the actual time taken to perform the 
work. A negative SV means that schedule is delayed or is behind the plan, a 
negative CV means the project has over-costs and negative TV means the 
project is delayed (Pajares and López-Paredes, 2011). Positive values for CV, 
SV and TV indicated the project is under budget and ahead of schedule. 
 
2.4 Planning, Scheduling and Controlling Computer Software 
Project planning software with built-in project planning, scheduling and 
controlling capabilities are commercially available on the market (Haynes, 
2002). Most planning software have built-in capabilities for measuring and 
controlling the three important components of the project namely scope, time 
and cost (Harris, 2008). Primavera and Microsoft Project are some of the 
commercially available project planning software with planning, scheduling 
and controlling capabilities. In coal refurbishment projects contractors are 
required to use Primavera and to comply with project controls specification 
when developing the level three schedule, managing and reporting project 
progress updates (Hall, 2013).  
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‘Primavera Project Planner (P3) provides an easy-to-use approach to project 
planning with an intuitive interface that makes project planning and control 
easy, without sacrificing the powerful sophistication of high-end project-
management software’, (Primavera Project Planner, Planning and Control 
Guide, 1999). 
 
Primavera is a proven planning software and make use of CPM framework for 
project planning, analysing, scheduling and controlling (Senior, 2004).  
Primavera provides project managers the benefit and advantage of modelling 
the entire project and the capability to control the schedule to achieve agreed 
project timelines, budget and at the require quality level (Primavera Project 
Planner, Planning and Control Guide, 1999).  
 
Primavera provides the option of using either the PDM or ADM network 
techniques for activity dependencies graphical representation (Harris, 2008). 
Primavera makes it possible to compare actual project progress against the 
PMP schedule, this function provides the best method for determining whether 
the project is being executed as planned or there are some deviations 
(Primavera Project Planner, Planning and Control Guide, 1999). Primavera 
has built-in EVM analysis functionality for monitoring project performance over 
the life cycle of project (Primavera Project Planner, Planning and Control 
Guide, 1999) 
 
2.5 Eskom CPM Governance Process 
The review was conducted on the following internal developed guideline, 
procedure and specification applicable to refurbishment projects: 
 
• Eskom Project Life Cycle Model, ESKAGABF9; 
• Planning and Scheduling Procedure, 240-51368572; 
• Project Controls Specification, 240-64041498. 
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2.5.1 Eskom Project Life Cycle Model 
 
The PLCM, ESKAGABF9 was developed to provide project management 
standardisation framework within Eskom for the development and execution of 
major capital expansion projects. The PLCM does not prescribe as to how 
projects must be executed but provides process compliance requirements 
(Murray, 2008). The PLCM provides a structured framework for projects to 
progress from initiation to closure thus ensuring effective planning and 
possibly maximise the probability of project success (Murray, 2008). The 
PLCM defines four phases and ten stages that determines the life cycle of the 
project. The four phases are concept, definition, execution and finalisation.  
 
Each phase of the project has been formulated to provide specific information 
for making a decision as to whether the project can be allowed to proceed 
forward (Murray, 2008). Each of the ten stages are made up of work packages 
which must be completed to achieve the desired output (Murray, 2008). 
The following are the four stages and the associated work packages for the 
execution phase on the PLCM (Murray, 2008): 
 
a. Planning and Design Activities 
o Project start-up 
o Procurement plan development 
o Long lead project item identification 
o Project organogram development  
o Finalisation of project implementation plan 
 
b. Contracting and Procurement Activities 
o Develop Tender Enquiry Documents, evaluate submissions and 
award contracts 
o Develop Project Schedule 
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c. Construction Activities 
o Conduct, review and freeze detailed designs. 
o Equipment procurement and transportation 
o Integrate all work packages and create master project baseline 
schedule.  
o Project execution or implementation 
 
d. Commissioning and Hand-Over Activities 
o Perform safety clearance 
o Preform cold and hot commissioning 
o Finalise and approved as built drawings 
o Close out service contracts 
2.5.2 Project Planning and schedule development  
 
Planning and scheduling is done in accordance with the Planning and 
Scheduling procedure 240-51368572. The procedure provides 
standardisation and the methodology to be used for the development of the 
baseline schedule used as the management tool throughout the PLCM 
phases (Mare, 2012). Figure 12 shows the standardised process for schedule 
development, management, controlling and project progress updates 
management specified in the planning and scheduling procedure. 
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Figure 12: Baseline schedule development and management process 
 
The following are the requirements stipulated in the planning and scheduling 
procedure that must be complied with: 
 
• complex projects shall use CPM and follow a planning process that 
results in the production of a PMP schedule; 
• schedule from different contractors responsible for the execution of 
certain scope of the project should be integrated into the master 
schedule before baseline approval; 
• PMP schedule must be accepted by all relevant parties and approved 
by the project manager; 
• PMP schedule shall be updated on a monthly basis as a minimum to 
capture actual progress achieved however the schedule can be 
updated more frequently depending on project complexity; 
• updated schedule must be analysed to identified slippages or 
deviations from the baseline; 
Gathering of schedule 
information 
Project schedule 
development 
Integrate stakeholder 
schedule 
Approve Project Baseline 
Schedule 
Update Project Schedule 
Control Project Schedule 
Baseline Change 
Analyse Schedule Risk 
Forecast and Report 
Project Planning 
Page 46 of 85 
 
• changes to baseline schedule shall follow approval process before 
implementation; and 
• critical path analysis shall be conducted on the updated schedule and 
the review report shall be issued on quarterly basis; 
2.5.3 Project Controls Requirements  
 
Project controls specification 240-64041498 was developed to manage 
procedural requirements for the CPM with regard to scheduling and project 
progress reporting (Hall, 2013). 
 
The following are the requirements of the Project Controls Specification  
240-64041498 which contractors must comply with when developing and 
managing the PMP schedule: 
 
• contractors are required to develop and maintain a level three CPM 
schedule using Primavera P6.2; 
• the schedule shall clearly define the starting and completion dates and 
must also include the resources required to perform the activities in 
cases where resource assignment is required;  
• the schedule shall include the total number of resource hours required 
to perform each activity; 
• activities requiring labour to complete the project shall be resource 
loaded; and 
• activity progress update must be done using physical percentage 
completion calculated on actual progress as measured by work effort or 
by measurable and verifiable material quantities. 
 
2.6 Conclusions 
CPM as a project modelling technique is used to breakdown the entire project 
into manageable activities and to estimate the completion time by the 
determining the longest path or the critical path of the entire network.  
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Single point and three point time estimation methods are acceptable methods 
for estimating activity duration. Different cost estimation methods can be used 
to estimate project cost as it progresses through the phases of the life cycle. 
Project controls techniques provide the mechanisms of determining deviations 
against set agreed baseline targets and create a platform for the development 
of appropriate corrective actions. The EVM measures and determines project 
performance in terms of schedule and cost at a given point during the project 
life cycle. Primavera is a CPM based project modelling software and has 
planning and controlling capabilities. 
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CHAPTER 3: RESEARCH METHODOLOGY  
3.1 Introduction 
This chapter provides an overview of the research design, research approach, 
data collection method, research questionnaire structure, research data 
collection process and data analysis. The research focuses on CPM 
application as a project management modelling technique in coal 
refurbishment projects during the execution phase of the project.  
 
3.2 Research Process and Design 
The research process comprises of six phases, (a) problem definition, (b) 
research design planning, (c) sample planning for data collection, (d) data 
collection, (e) data analysis and, (f) conclusion (Ramothibe, 2012, Yin, 2009 ). 
Research design is used to develop a detailed plan which is use as a guide to 
the research (Hussey and Hussey, 1997). Figure 13 and Figure 14 shows the 
research process and the research design followed while conducting this 
study.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Research process (Ramothibe, 2012) 
Research Problem Definition 
Research Design Planning 
Sample Planning 
Data Collection 
         Data Analysis 
         Conclusion 
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Figure 14: Research design summary (Hussey and Hussey, 1997) 
 
3.3 Research Approach  
According to Hussey and Hussey (1997) methodology is defined as the 
overall research approach process which includes literature review, data 
collection and analysis of data. This study is based on the qualitative research 
approach which is a descriptive and non-numerical technique for data 
collection and information analysis (Writing Your MBA Dissertation, n.d).  
 
Literature review was conducted to establish appropriate theory related to the 
study using books, research papers, journals and documents obtained from 
the internet websites (Hussey and Hussey, 1997).  
 
 
 
Identify Research Problem 
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The literature review was conducted in according to this format: 
 
(i) CPM application as project modelling technique; 
(ii) CPM capabilities in project planning, analysis and scheduling 
and controlling; 
(iii) Project controls and performance monitoring techniques; and 
(iv) Eskom coal refurbishment projects documentation. 
 
Qualitative data related to CPM application as a project management 
modelling technique in coal refurbishment projects was collected during the 
study. A questionnaire was developed and used as an instrument for data 
collection.  
 
3.4 Research Data Collection Method 
Survey research method is described as a systematic approach for data 
collection about knowledge and opinion from a selected population of 
participants (Marnewick, 2013, Rasinski, 2005). The data collection method 
used during the research was through a structured survey questionnaire. 
Hussey and Hussey (1997) describe the questionnaire as a list of well thought 
questions chosen after testing to obtain reliable responses from the selected 
sample.  
 
A questionnaire was used as an instrument to collect opinion information 
related to CPM application as a project modelling technique in coal 
refurbishment projects. Questions design or development is depended on 
literature review (Sithole, 2009; Möller, 2005). Closed questions were used in 
the questionnaire for collecting factual information (Hussey and Hussey, 
1997). Questionnaires were distributed using e-mail and some were hand 
delivered to CMD employees under the employment of Kriel, Matla and 
Duvha. 
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The questionnaire is divided into three sections A, B and C and has a total of 
fifteen questions. The following are the three sections of the questionnaire: 
 
a) Critical Path Method Implementation; 
This section has four questions designed to source information 
related to the basis of CPM implementation in coal refurbishment 
projects. 
 
b) Factors impacting CPM effective use and; 
This section has seven questions designed to identify information 
related to CPM management during project execution. 
 
c) Project Controls 
This section has four questions designed to source information about 
existence project controls and project performance monitoring 
techniques. 
 
3.5 Location or Area of Study 
Hussey and Hussey (1997) describe the location as the setting in which the 
research study is conducted. The area of study for this study is Kriel, Matla 
and Duvha power stations located in Mpumalanga Province, South Africa. 
 
3.6 Research Population and Sample 
Hussey and Hussey (1997) describe population as a set of research 
participants under the research. Kriel, Matla and Duvha Refurbishment Project 
employees make up the population of this research. The three sites were 
selected as part of the population as the three power stations are currently 
being upgraded, are at the execution phase of the Eskom PLCM and their 
scope of work is comparable.  
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Research population for this study is made up of the following departments.  
 
o Commissioning;  
o Engineering; 
o Human Resources; 
o Planning; 
o Project Management; 
o Procurement; and  
o Safety Health Environmental and Quality (SHEQ); 
 
A research sample is described as the number of the people constituting a 
certain percentage towards the total research population (Hussey and 
Hussey, 1997). Figure 15 shows the process used for the selection of the 
research sample. 
 
 
 
 
 
 
 
 
 
 
 
Figure 15: Sample selection process (Hussey and Hussey, 1997) 
 
A total of eighty (80) project personnel across the different project 
departments from Kriel, Matla and Duvha were randomly selected and 
included as part of the survey.  
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3.7 Data Analysis 
Data analysis process involves extracting information received from the 
completed questionnaires into small patterns, trends and relationships which 
can lead some conclusions (Mouton, 2001). The study used the data display 
method to analyse data received from the questionnaires.  
 
Data display method is described by Hussey and Hussey (1997) as a visual 
format which systematically depicts information to make it possible for the 
user draw valid conclusion and to take appropriate actions. The research data 
was converted into graphs and certain patterns or trends were noted and 
appropriate conclusions were made. Detailed data analysis is presented in 
Chapter Five: Research Findings. 
 
3.8 Conclusion 
The research followed the qualitative research approach and structured  
questionnaire was used as the instrument for data collection. Research 
process used is made up of six phases. Literature review conducted was 
based on theoretical and internal Eskom documentation. Kriel, Matla and 
Duvha were identified as the research population. Data display method was 
used as the data analysis tool.  
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CHAPTER 4: DATA ANALYSIS AND DISCUSSION OF FINDINGS  
4.1  Introduction 
  
The research is based on a questionnaire developed to obtain opinion 
information from project individuals under the employment of Kriel, Matla and 
Duvha refurbishment projects. The study targeted project personnel who have 
worked or currently working for Kriel, Matla and Duvha refurbishment projects.  
 
A total of eighty (80) questionnaires were distributed to project personnel 
based at Kriel, Matla and Duvha coal refurbishment project sites. Thirty six 
(36) fully completed questionnaires were received back and were used as the 
basis for the research data. Summary of the research data for Section A, B 
and C is shown in Table 6, Table 7 and Table 8 respectively. 
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Table 6: Section A: Consolidated questionnaire results 
 
No SECTION A: CRITICAL PATH METHOD IMPLEMENTATION TOTAL 
4 
Does your project have 
dedicated resources responsible 
for the implementation of Critical 
Path Method as project 
management tool? 
YES 
   
NO 
    
  
29 
   
7 
   
36 
5 
Do you have approved 
processes in place governing 
Critical Path Method 
implementation for your project? 
YES 
   
NO 
    
  
28 
   
8 
   
36 
6 
How often do you conduct 
performance reviews on CPM to 
ensure continual improvement? 
Yearly 
 
Half-yearly 
 
Quarterly 
 
Monthly None 
 
  
2 
 
7 
 
1 
 
20 6 36 
7 
What planning software is used 
for scheduling 
Other 
  
Primavera 
Project 
Planner 
  
Microsoft 
Projects   
  
0 
  
34 
  
2 
 
36 
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Table 7: Section B: Consolidated questionnaire results 
 
  SECTION B: FACTOR IMPACTING CPM EFFECTIVE USE TOTAL 
8 
How much time is allocated for planning and schedule 
development before start of project execution.  
Six 
Months  
Three 
Months  
One Months 
 
Don’t 
Know   
    
 
24 
 
2 
 
3 
 
7 
 
36 
9 How often is the project schedule updated  Monthly  Bi-weekly  Weekly  
Don’t 
Know   
    
 
3 
 
7 
 
26 
 
0 
 
36 
10 
Do you have approved processes for managing schedule 
changes 
YES 
  
NO 
  
Don’t 
Know    
    
32 
  
1 
  
3 
  
36 
11 Does the schedule include the entire project scope  YES   NO   
Don’t 
Know 
   
   
31   4   1   36 
12 
How many work packages is the scope of work broken 
down into? 
16 14 10 6 4 3 2 1 
Don’t 
Know 
 
   
6 1 2 1 2 12 1 4 7 36 
13 
Are all project phases (procurement, design, execution and 
commissioning etc.) integrated into one Project Master 
Plan  
YES   NO   
Don’t 
Know 
   
   
31   3   2   36 
14 
How often do you conduct accuracy verification of updates 
information received from contractors 
Monthly 
  
Weekly 
  
Don’t 
Know    
    
2 
  
26 
  
8 
  
36 
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Table 8: Section C: Consolidated questionnaire results 
 
  SECTION C: PROJECT CONTROLS  TOTAL 
15 Is your project controlled as per the agreed programme YES NO Don’t Know   
    19 15 2 36 
16 Do you use a resource loaded schedule YES NO Don’t Know   
  15 16 5 36 
17 Is the programme linked to the forecasted rate of payments YES NO Don’t Know   
    20 13 3 36 
18 
Do you use Earned Value Analysis to monitor project 
performance YES NO Don’t Know   
    7 25 4 36 
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4.2 Section A: Critical Path Method Implementation  
Question 4: Does your project have dedicated resources responsible for the 
implementation of Critical Path Method as project management tool? The 
graph in Figure 16 shows data collected during the survey.  
 
 
Figure 16: Question four survey results  
 
The results of the survey show that twenty nine (29) of the respondents 
confirmed that coal refurbishment projects have dedicated planning resources 
responsible for CPM implementation during the execution of the project. 
Project planners are responsible for project planning, PMP schedule 
development and management. Furthermore, planners are responsible for 
project scheduling and updating of the PMP schedule to reflect actual project 
progress achieved. Finally, planners are responsible for managing changes 
on the baseline schedule by ensuring that only authorise changes are 
captured on the schedule.  
 
Question 5: Do you have approved processes in place governing Critical 
Path Method implementation for your project? The graph in Figure 17 shows 
data collected during the survey.  
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Figure 17: Question five survey results. 
 
The study reveals that twenty eight (28) of the respondents confirmed that 
processes (i.e. procedures and guidelines) governing project planning, PMP 
schedule development and controlling exists in coal refurbishment projects. 
These processes provide guidance and the framework for CPM application in 
coal refurbishment projects. Planners are the custodian of all approved 
procedures, specifications and guidelines and therefore are responsible for 
ensuring that full compliance throughout the life cycle of the project.  
 
Question 6:  How often do you conduct performance reviews on CPM to 
ensure continual improvement? The graph in Figure 18 shows data collected 
during the survey. 
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Figure 18: Question six survey results. 
 
The results of the survey shows that fifty six percent (56%) of the respondents 
confirmed that schedule reviews are conducted on a monthly basis to ensure 
continual improvement and compliance to approved processes. Schedule 
reviews assist with the identification of poor performing areas and to assess 
alignment of the schedule information with the physical status of project. The 
outcome of the reviews is used to implement appropriate corrective actions to 
address schedule deficiencies. 
 
 
Question 7: What planning software is used for scheduling? The graph in 
Figure 19 shows data collected during the survey. 
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Figure 19: Question seven survey results. 
 
The survey shows that thirty four (34) of the respondents confirmed Primavera 
as the planning software used in coal refurbishment projects. Primavera uses 
CPM modelling engine and provides easy approach to project planning, 
interfacing, schedule analysis and controlling. Primavera has built-in EVM 
functionality for project performance monitoring from start to project 
completion. 
 
4.3 Section B: Factors Impacting CPM Effective Use 
Question 8: How much time is allocated for planning and schedule 
development before start of project execution? The graph in Figure 20 shows 
data collected during the survey. 
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Figure 20: Question eight survey results. 
 
Twenty four (24) respondents concur that sufficient time is allocated for 
planning prior commencement of the project execution in coal refurbishment 
projects. The results of the survey show six months as the longest planning 
period, followed by three months and the shortest planning time being a 
period of one month. Sufficient planning time provides the project team an 
opportunity to plan the project properly and eliminate future challenges which 
can have a negative impact on the delivery of the project within agreed 
timelines. Project planning includes development of project WBS showing 
project work packages, identification of significant activities and duration 
estimation, identification of activity sequencing and logics. Furthermore 
planning involves schedule analysis, critical path calculation and PMP 
schedule baseline creation.  
 
Question 9: How often is the project schedule updated? The graph in Figure 
21 shows data collected during the survey. 
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Figure 21: Question nine survey results. 
 
The result of the survey shows that all respondents agree that the schedule is 
updated on frequent basis to reflect physical progress achieved by project. 
The opinion of most respondents is that the schedule is updated on weekly 
basis to ensure that accurate information reflecting the current physical status 
of the project is loaded on the schedule. Poorly updated schedule can 
negatively affect the completion of the project. Measurement for work 
completed is done using completed work effort or by measuring and verifying 
material quantities. Project progress updates is done using physical 
percentage completion calculated on actual progress. Accuracy of the 
schedule to reflect the actual project progress is depended on the 
measurement method used and related training received by the project team 
on the application of that particular method.  
 
Question 10:  Do you have approved processes for managing schedule 
changes? The graph in Figure 22 shows data collected during the survey. 
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Figure 22: Question ten survey results. 
 
Thirty two (32) of the respondents stated that coal refurbishment projects have 
governance processes for managing schedule changes against agreed PMP 
schedule. Planners are the custodian of the processes and are responsible for 
ensuring that the requirements of these procedures are met before making 
any changes to the last agreed PMP schedule. Planning procedures provide 
guideline for the type of changes that can be made on the baseline schedule. 
Typical schedule changes include addition or removal of certain activities, 
logic and sequence changes, and changes on activity duration. Planners are 
required to do the schedule analysis to determine the impact of the changes 
on the schedule and to make the project team aware of their finding. The team 
will then decide on the corrective action to be implemented if a particular 
change has a negative impact on project completion time. All changes on the 
schedule must follow the approved process before implementation.  
  
Question 11:  Does the schedule include the entire project scope? The graph 
in Figure 23 shows data collected during the survey. 
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Figure 23: Question eleven survey results. 
 
The result of the survey shows that most of the respondents agree with the 
statement that the entire refurbishment scope of work is included on the 
baseline schedule. Coal refurbishment project includes replacement of C&I 
and MV Switchgear replacement on all six generating units per power station. 
The WBS created from the scope of work shows all the project work packages 
making up the entire.   
 
Question 12:  How many work packages is the project scope broken down 
into? The graph in Figure 24 shows data collected during the survey. 
 
 
Figure 24: Question twelve survey results. 
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Most of the respondents confirmed that the coal refurbishment projects scope 
of work is broken down into manageable project work packages however they 
differ on the number of work packages. Based on the responses received the 
average number of project work packages for a typical refurbishment project 
is seven. Project work packages are derived at discipline level (i.e. C&I and 
Electrical) and in most cases the number of the work packages is informed by 
project complexity and other factors. 
 
Question 13:  Are all project work packages integrated into one Project 
Master Plan? The graph in Figure 25 shows data collected during the survey. 
 
 
Figure 25: Question thirteen survey results. 
 
Thirty one of the respondents agree with the statement of the use of one 
integrated PMP schedule in coal refurbishment projects. The schedule is 
based on the project WBS which includes the entire coal refurbishment project 
scope of work. The PMP schedule includes all project work packages, with 
their activities, logics and interfacing between all contractors involved in the 
project. The number of breakdown levels is depended on the complexity of the 
project and is further determined by the relevant planning procedures for 
which planners are required to ensure compliance is achieved.  
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Question 14:  How often do you conduct accuracy verification of updates 
information received from contractors? The graph in Figure 26 shows data 
collected during the survey. 
  
Figure 26: Question fourteen survey results. 
 
The study shows most of the respondents confirmed that verification of 
schedule data verification is undertaken to improve project progress updates 
information accuracy received from contractors. Most respondents stated that 
verifications are conducted on weekly basis while some respondents stated 
that verifications are conducted on monthly basis. Planners received project 
progress updates information from contractors on progress made and they 
update the schedule accordingly. Verifications are conducted by the project 
team whereby a physical walk down is undertaken and comparison is done 
between what is contained on the schedule and the actual project status. 
Discrepancies if any are noted and the schedule is updated to reflect the 
actual status of the project. 
 
4.4 Section C: Project Controls 
 
Question 15: Is your project controlled as per the agreed programme? 
The graph in Figure 27 shows data collected during the survey. 
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Figure 27: Question fifteen survey results. 
 
Nineteen (19) or fifty three percent (53%) of the respondents agree with the 
statement of using the agreed baseline schedule to control the project during 
execution however fifteen (15) or forty two percent (42%) disagrees. Baseline 
schedule is agreed and accepted by all relevant parties (Eskom and 
contractors) prior the start of the project execution. The PMP schedule is a 
reflection of the project objectives and deviation from the PMP schedule could 
results in the project not achieving the objectives. Deviations from the PMP 
schedule are noted and adequate corrective actions must be implemented to 
ensure project objectives are met.   
 
Question 16:  Do you use a resource loaded schedule? The graph in Figure 
28 shows data collected during the survey. 
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Figure 28: Question sixteen survey results. 
 
Sixteen (16) or forty four percent (44%) of the respondents agree with the 
statement of using a resource loaded schedule however fifteen (15) or forty 
two percent (42%) disagrees with the statement. A resource plan is used to 
determine the number of resources required to complete the project within 
agreed project timelines. The plan is put in place to ensure that all required 
resources have been identified and the purpose of managing resource cost. 
Primavera has built-in resource allocation function for activities. A resource 
loaded schedule increases the possibility of completing the project as planned 
as the number of resources required to complete the project are determined 
and agreed upon during the planning stage of the project. The resource plan 
is monitored throughout the duration of the project and these gives the project 
team the advantage of increasing or decreasing resources depending on the 
circumstances of the project at any given time. 
 
Question 17:  Is the programme linked to the forecasted rate of payments. 
The graph in Figure 29 shows data collected during the survey. 
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Figure 29: Question seventeen survey results. 
 
The survey shows that twenty or fifty six percent (56%) of the respondents 
agree that forecasted progress payments are aligned with activity completion 
time on the PMP schedule. This ensures that payments can only be made 
once a particular activity has been completed and such payment is the cost of 
completing that activity. The schedule is updated to reflect activity progress 
completion status and once verifications have been conducted, payment can 
therefore be released 
 
Question 18:  Do you use Earned Value Analysis to monitor project 
performance? The graph in Figure 30 shows data collected during the survey. 
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Figure 30: Question eighteen survey results. 
 
The results of the survey show that twenty five or sixty nine percent (69%) of 
the respondents disagree with the statement of using EVM as an additional 
tool for monitoring project performance. EVM is a proven technique and 
provides added benefits to the project team for monitoring project expenditure 
and progress made at a given time of the project throughout the life cycle and 
to take appropriate correction actions when necessary.   
 
4.5 Conclusion 
 
The following conclusions were drawn based on the data analysis conducted 
on data received from the surveys. 
 
CPM is the preferred project modelling technique in coal refurbishment 
projects and CPM application is governed by approved processes. PDM is 
confirmed as the CPM network for representing project activities and 
calculation of project completion time. 
 
Project planners with the expertise and knowledge have been made available 
are responsible for CPM implementation and management of CPM 
governance processes during the life cycle of the project.  
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Primavera is confirmed as the computer planning software used in coal 
refurbishment projects. Primavera is capable of managing large quantities of 
activities and interfacing of different project work package associated with coal 
refurbishment projects.  
 
A maximum period of six months is allowed for project planning and baseline 
schedule development before start of project execution. PMP schedule 
includes all project work packages which make up the refurbishment scope 
and project interface points for all contractors involved in the project. Schedule 
management processes require that schedule progress updates to be done 
on weekly basis. Baseline schedule revision or changes are controlled 
through approved governance processes.   
 
CPM is further used for project controlling to achieve agreed project target 
namely scope, time and budget however use of a resource loaded schedule 
could not be confirmed. It can be further confirmed that Earned Value Method 
is not use as additional tool for monitoring project cost and time performance 
however progress payments are linked to activity completion and payments 
are only made on activity completion. 
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CHAPTER 5: ANALYSIS, CONCLUSION AND RECOMMENDATIONS  
This chapter provides the research analysis, conclusions and 
recommendations that are based on the findings of the research.  
 
CPM application as project modelling technique has increase significantly and 
is now used extensively in construction industry to manage and control 
projects. Coal refurbishment projects are modelled, managed and controlled 
using CPM.   
 
The use of project planners with the related construction knowledge enhances 
the prospect of project success. Coal refurbishment projects have made 
available project planners responsible for the development and management 
of a CPM PMP schedule.  
 
CPM is built with certain assumptions and its implementation is based on 
recommended rational approach that does not prescribe the details of project 
breakdown levels. Eskom has developed project specific governance 
processes for CPM implementation as a project modelling technique in coal 
refurbishment projects. These processes prescribes standardised framework 
for CPM PMP schedule development, scheduling, controlling, updates 
reporting and schedule changes management. 
 
PDM and ADM are the two network techniques for the graphical 
representation of CPM activities. PDM is the chosen network technique for 
coal refurbishment and Primavera provides the option of using either of the 
two techniques. Primavera has built-in capabilities for project modelling, 
scheduling and controlling. Coal refurbishment projects level three PMP 
schedule is a CPM based schedule created in Primavera. Primavera identifies 
the critical path and estimates the duration of project. Updating and 
scheduling of coal refurbishment projects PMP schedule is conducted on 
weekly basis on Primavera. 
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The total costs of the resources included on the resource plan are included on 
the total cost of the project. A resource loaded schedule is used to manage 
and control resource costs during the life cycle of the project. The CPM PMP 
schedule used in coal refurbishment projects is resource loaded and 
resources are managed as per the agreed resource plan. 
 
5.1 Conclusions 
Coal refurbishment scope of work is broken down into manageable project 
work packages and the entire scope is integrated into one PMP schedule. 
Coal refurbishment projects use CPM for project planning, scheduling, and 
controlling of the projects. Primavera is the planning software used in coal 
refurbishment for the schedule development, project scheduling and 
controlling. Primavera has built-in resource loading and EVM functionality.  
 
Coal refurbishment projects used CPM to determine to estimate the project 
completion time assuming there are no delays on the activities falling on the 
critical path. Delays incurred on activities falling on the critical path could 
negatively impact the completion of the refurbishment project unless some 
activities are expedited. 
 
Coal refurbishment projects have governance processes for CPM 
implementation and schedule changes management.  
    
Maximum six months duration is allocated for project planning and schedule 
development. Capturing of updates on actual progress made is done on 
weekly basis and schedule performance reviews are conducted on monthly 
basis.  
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5.2  Future Work Recommendations  
Use of Earned Value Method as an additional tool for project performance 
monitoring in coal refurbishment projects is advisable. A study should be 
conducted for the development of procedures for the implementation of the 
EVM. The study can include the development of governing processes, 
development of coal refurbishment specific training material and cost effective 
method of implementing the EVM. The EVM study should include external 
contractors as part of the targeted population as they are responsible for the 
development of the project schedules.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Page 76 of 85 
 
REFERENCES    
 
A Guide to Project Management Body of Knowledge (2006). PMI Approach, 
John Wiley & Sons, Inc. 
 
Al-jibouri, S. (2002). Effects of resource management regimes on project 
schedule, International Journal of Project Management, Vol 20, 271-277. 
Baker, R.D. (1991). Time-Cost Relationship in Construction, University of 
Florida. 
 
Burke, R. (2006), Project Management, Planning and Control techniques, 
Burke Publishing. 
 
Cost Estimate Classification System: As Applied in Engineering, Procurement, 
and Construction for the Process Industries (2011). AACE International 
Recommended Practice No. 18R-97.  
 
Cost Estimating Guide (2011). U.S. Department of Energy electronic sources 
of information. 
 
Crowe, A. (2005). The PMP Exam, How to pass on your first try, Velociteach 
Press. 
 
Hall, D (2013). Project Controls Specification, Eskom Specification 
240-64041498 
 
Delihlazo, T. (2010). Infrastructure Development Cluster Media Briefing, 
Parliamentary Monitoring Group, Parliament of South Africa. (Government) 
 
Dobson, M.S. (2004). The triple constraints in project management, 
Management Concepts Inc. 
 
Page 77 of 85 
 
DSC2602 Rational Decision Making: Study Guide (2009). University of South 
Africa (UNISA), Pretoria. 
Eskom, (2013). http://genweb.eskom.co.za, [Assessed 20 September 2013]. 
Eskom, (2012). http://genweb-gcd.eskom.co.za/live/index.php [Assessed 20 
Dec 2014]. 
Eskom, (2014). 
http://www.eskom.co.za/OurCompany/CompanyInformation/Pages/Organisati
onal_Structure.aspx [Assessed 03 Jan 2014] 
 
Eskom, (2010). Eskom tender Enquiry for the Replacement of Control and 
Instrumentation System on Units 1-6 at Duvha Power Station (CED/DUV/010) 
 
Firestone, B. (2000). Class Notes 77.450, Design Economics Fall. 
 
Gershon M. and Boelter K. (2013). Critical Chain versus Critical Path in 
project Management, http://www.na-businesspress.com [Assessed 10 
October 2013] 
 
Ghazanfari, M., Shahanaghi, K., and Yousefli, A. (2008) An Application of 
Possibility Goal Programming to the Time-Cost Trade off Problem, Journal of 
Uncertain Systems, Vol.2, No.1, 22-30. 
Harris, P.E. (2008), Project Planning and Control, using Primavera P6, 
Eastwood Harris (Pty) Ltd 
Haynes, M. (2002). Project Management Practical Tools, Crisp Publications 
Inc., Canada. 
 
Hussey, J. and Hussey, R. (1997), Business Research, Palgrave, New York. 
 
Jessop, A. (2013). Performing Critical Path Analysis, Project Learning 
International Limited, http://www.projectlearning.net/pdf/X2_1.pdf. [Assessed 
10 Dec 2013]. 
 
 
Page 78 of 85 
 
JOWIT, J. (2010). World Bank invests record sums in coal: The Guardian, 15 
September 2010, 
http://www.theguardian.com/environment/2010/sep/15/world-bank-coal.           
[Assessed 12 March 2012]. 
 
Jun-yan, L. (2012). Schedule Uncertainty Control: A Literature review, 
International Conference on Medical Physics and Biomedical Engineering, 
Physics Procedia, Vol 33, 1842 – 1848. 
 
Kelleher, A. (2004). An investigation of the expanding role of the critical path 
method by ENER’S top 400 contractors, MSc Thesis, Virginia Polytechnic 
Institute and State University. 
 
Khang, D. and Myint, Y. (1999). Time, cost and quality trade-off  in project 
management: A Case Study, International Journal of Project Management 
,Vol. 17, 249-256, 1999. 
 
Lechner, S. (2012). Use of contractual leverage to drive contractor’s 
performance, Eskom Seminar, Midrand. 
 
Leondes, C.T. (1999). Fuzzy Theory Systems, Elsevier Inc. 
 
Lewis, J.P. (2007). Fundamentals of Project Management, American 
Management Association, 2007 
 
Lockyer, K.G. (1969). An introduction to Critical Path Analysis, Sir Isaac 
Pitman and Sons. 
 
Marnewick, A. (2013), A socio-technical view of the requirements engineering 
process, PHD Thesis, University of Johannesburg. 
 
Mare P. (2012). Planning and Schedule, Eskom Procedure, 240-51368572. 
 
Page 79 of 85 
 
Meredith, J.R. and Mantel, S.J. (2006). Project Management: A Managerial 
Approach, John Wiley & Sons, Inc. 
 
Möller D. M. (2005), Skills evaluation for effective mentoring in the project 
environment of Eskom Enterprises: University of KwaZulu-Natal. 
 
Mouton, J. (2001). How to succeed in your Master’s and Doctoral Studies, 
Van Schaik Publishers, Pretoria. 
 
Murray, M. (2008). Eskom Project Life Cycle Model, Eskom Guideline, 
ESKAGABF9. 
Netmba, (2002). Time-Cost Trade-offs, http://www.netmba.com/operations/ 
project/time-cost 
 
Olsen, R.P. (1971). Can project management be defined? Project 
Management Quarterly, 2(1), 12 - 14. 
 
Orczyk, J. J. (2004). Progress Measurement and Earned Value, Skill & 
Knowledge of Cost Engineering 5th Edition, AACE International. 
 
Pajares, J. and López-Paredes, A. (2011). An extension of the EVM analysis 
for project monitoring: The Cost Control Index and the Schedule Control 
Index, International Journal of Project Management, Vol 29, 
 
Prather, G. (1998). CPM scheduling: The contracting officers' guide for risk 
minimization and claims analysis, MSc Thesis, University of Florida. 
Primavera Project Planner: Planning and Control Guide (1999), Primavera 
Systems, Inc., Bala Cynwyd. 
 
Project Management Glossary Of Terms (2009). PM4DEV, 
http://www.pm4dev.com/.../4-glossary-of-project-management-terms.html . 
 
 
Page 80 of 85 
 
Rasinski, K.A. (2005), Suryes. In Encyclopaedia of Social Measurement, 
Oxford: Elsevier Academic Press. 
 
Ramothibe, L. (2012). A Conceptual Framework for Cloud Computing 
Readiness Assessment, MTech Thesis, Tshwane University of Technology. 
 
Senior, B.A. (2004). Critical Path Method Implementation Drawbacks: A 
Discussion Using Action Theory, Colorado State University. 
http://ascpro0.ascweb.org/archives/cd/2009/paper/CPGT142002009.pdf 
 
Sithole, S.E (2009). Investigation into training strategy for graduate engineers 
in the Capital Expansion Department of Eskom Enterprises Division, Master of 
Commerce Thesis. 
 
Stelth, P. and Le Roy, G. (2009). Projects Analysis through CPM: Critical Path 
Method, European Union Journal, No.1, 10-51. 
 
Stewart, R.D., Wyskida, R.M., Johannes, J.D (1995). Cost Estimator’s 
Reference Manual, John Wiley and Sons Inc. 
 
Thieraus, R.J., Cunningham, M. and Blackwell, M. (2013). Project Scheduling: 
PERT/CPM, Xavier University, Cincinnati, Ohio, 
http://highered.mcgrawhill.com/sites/dl/free/0070813809/700204/sampleChapt
er8.pdf 
 
Tulsian, P.C. and Pandey, V. (2006). Quantitative Techniques: Theory and 
Problems, Pearson Education. 
 
Vandevoorde, S. and Vanhoucke, M. (2006) A comparison of different project 
duration forecasting methods using earned value metrics, International 
Journal of Project Management, Vol 24, 289–302. 
 
Page 81 of 85 
 
van Wyngaard, C.J., Pretorius, H.C., and Pretorius, L (2011). Strategic 
Management of the Triple Constraint Trade-off Dynamics – a Polarity 
Management Approach, Industrial Engineering and Engineering Management 
(IEEM), IEEE International Conference. 
 
Vertenten, M., Pretorius, L. and Pretorius, J.H.C. (2009). Earned Value as a 
performance measurement tool for small and large construction  
projects in a South African environment, IEEE AFRICON 
 
Williams, T. (2003). Assessing Extension of Time delays on major projects, 
International Journal of Project Management, Vol 21, 19–26. 
 
Wikipedia, 2013, Three Point Estimation, http://en.wikipedia.org/wiki/Three-
point_estimation. 
 
Writing Your MBA Dissertation (n,d) Class Notes. 
 
Yang, J. and Kaob, C. (2012). Critical path effect based delay analysis 
method for construction projects, International Journal of Project 
Management, Vol 30, 385–397. 
 
Yin, R.K. (2009). “Case Study Research: Design and Methods”, 4th ed. 
Thousand Oaks, Calif: Sage Publications. 
 
Zhonga, S. and Wanga. X (2011). Improvement and application of earned 
value analysis in coal project management, First International Symposium on 
Mine Safety Science and Engineering, Procedia Engineering, Vol 26, 1983 – 
1989. 
 
 
 
 
 
Page 82 of 85 
 
APPENDIX A: RESEARCH QUESTIONNAIRERE 
 
 
 
 
1 What is your Name  
2 What is the name of your department  
3 What is your position   
   
   SECTION A: CRITICAL PATH METHOD IMPLEMENTATION 
      Please Tick (X) 
4 
Does you project have dedicated resources 
responsible for the implementation of 
Critical Path Method as a project 
management tool?     
    YES   
    NO   
5 
Do you have approved processes in place 
governing Critical Path Method 
implementation for your project?      
    YES   
    NO   
6 
How often do you conduct performance 
reviews on CPM to ensure continual 
improvement?     
    Yearly    
    Half-yearly   
    Quarterly   
    Monthly   
    None   
        
7 
What planning software is used for 
scheduling     
    Microsoft Projects   
  
  
Primavera Project 
Planner   
    Other   
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  SECTION B: FACTORS IMPACTING CPM USE 
        
8 
How much time is allocated for planning and schedule 
development before start of project execution?     
    Six Months   
    Three Months   
    One Month   
    Don’t know   
    
9 How often is the project schedule updated Monthly   
    Bi-weekly   
    Weekly   
    Don’t know   
10 
Do you have approved processes for managing 
schedule changes     
    YES   
    NO   
    Don’t know   
11 
Does the schedule include the project scope   
    YES   
    NO   
    Don’t know   
12 
How many work packages is the project broken down 
into     
       
        
13 
Are all project stages integrated into one Project Master 
Plan     
    YES   
    NO   
  Don’t know  
    
14 
How often do you conduct accuracy verification of 
updates information received from contractors   
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   SECTION C: PROJECT CONTROLS 
        
15 
Is your project controlled as per the agreed 
programme YES   
    NO   
    Don’t know   
        
16 Do you use a resource loaded schedule YES   
    NO   
    Don’t know   
        
17 
Is the programme linked to the forecasted rate of 
payments. YES   
    NO   
    Don’t know   
18 
Do  you use Earned Value Analysis to manage 
project performance YES   
    NO   
    Don’t know   
 
 
